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INTRODUCTION

A program is underway to determine quantitatively the corrosivity of the
aircraft carrier environment by exposing a variety of materials on a carrier
deck. The ultimate objective of the program is to develop an accelerated
laboratory test that will more closely simulate that environment than do tests
presently in use. The test will then be used to screen materials and protective
finishes for Naval aircraft.

Permission was obtained to mount a rack on the radar platform of the
U.S.S. John F. Kennedy, an area where it would be exposed to both stack gases
and sea spray. It was decided for the first series of tests to use aluminum
alloys that were available from a joint ASTM/Aluminum Association interlabora-
tory testing program. These alloys had been heat treated to provide varying
susceptibilities to exfoliation and stress corrosion cracking and had been
exposed to a variety of accelerated laboratory tests and natural environments,
both marine and industrial. Therefore, their corrosion behavior had been well
characterized and their use would allow for a comparison of the relative sever-
ity of a carrier environment with that of other marine environments.

An electrochemical device to measure corrosivity of the environment was
also installed near the rack.

The work was performed under reference (a).

DESCRIPTION OF TESTS

MATERIALS

EXFOLIATION SPECIMENS

The aluminum alloys used for the exfoliation tests were supplied by Alcoa,
Kaiser and Martin-Marietta and are listed in Table I.

The 2 inch plate of 2124 aluminum alloy was machined in three steps to
expose the varying thicknesses (T) of T/10, T/4, and T/2. The inch plate
of 2124. the 7075 and 2024 extrusions were machined to expose the T/10 and T/2
planes. The 7178 aluminum alloy plate had only the T/10 plane exposed.

STRESS CORROSION SPECIMENS

Tensile specimens 1/8 inch in diameter, were machined from the short
transverse direction of 7075, 2 inch thick, aluminum alloy plate supplied by
Alcoa. Tempers and heat numbers are as follows:

Expected Resistance
Temper To Stress Corrosion Identification No.

T651 Low S-395719
T7X51 Medium S-396577
T7351 High S-395721

-4-
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Properties of the plate used were as follows: (from ref. b)

Tensile Properties

Electrical Elonga-
Conductivity, Tensile Strength, Yield Strength, tion

Temper / LACS Test Direction ksi (MPa) ksi (MPa) 4 in 4D

T651 surface 32.2 longitudinal 81.6 (563) 72.9 (503) I.0

T/10 31.5 long transverse 80.9 (558) 70.1 (483) 8.0
T/2 32.6 short transverse 72.1 (497) 63.3 (436) 4.0

T7XSI surface 37.5 longitudinal 77.8 (536) 65.7 (453) 12.0
T/10 37.1 long transverse 73.9 (510) 63.3 (436) 10.0
T/2 38.7 short transverse 70.4 (485) 60.8 (419) 4.0

T7351 surface 41.0 longitudinal 67.0 (462) 55.1 (380) 10.0
T/10 40.6 long transverse 66.0 (455) 54.5 (376) 10.0

1/2 41.0 short transverse 59.1 (407) 51.7 (356) 4.0

PREPARATION FOR EXPOSURE TESTS

Exfoliation Specimens

Exfoliation specimens were prepared as follows:

1. Degreased with solvent

2. Etched in 5% by weight NaOH at 80
0 C (176°F), 1 to 3 min.

3. Rinsed in water
4. Desmutted in concentrated HNO3 for 30 sec.
5. Rinsed in deionized water
6. Dried with oil free air

Stress Corrosion Specimens

Specimens, stressing fixtures and method of stressing are illustrated
in figure 3 of ASTM G49. (reference c).

After stressing in frames that had been sulfuric acid anodized and seal-
ed, the frames were painted with MIL-P-23377 epoxy primer and MIL-C-81773
polyurethane topcoat. The ends were dipped in the paint to protect the threads.
Only the gage length was left unpainted. The specimens were then degreased
prior to exposure.

Stress levels used were as follows:

T651 - 25, 15, 8 ksi
T7X51 - 45, 35, 25 ksi
T7351 - 43 ksi

Triplicate specimens were exposed at each stress level.

Exposure Rack

A steel rack, 8 feet by I foot, was fabricated, cadmium plated, chro-
mated and painted with MIL-P-23377 epoxy primer and MIL-C-81773 polyurethane
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topcoat. The rack was designed so that the specimens would be exposed at an
angle of 450 from the vertical. Exfoliation specimens were mounted on the
rack with plastic bolts. MIL-S-8802 polysulfide sealant was applied around
the bolts to avoid crevice corrosion. The rack with the specimens attached
is shown in figure 1. The rack was then welded onto the radar platform.
Figure 2 shows the rack in place on the carrier.

The carrier was deployed to the Mediterranean for eight months from June
1978 to March 1979. During che first month the specimens were inspected at
9, 16, and 26 days by carrier personnel, then at four and eight months by NADC
personnel. Exact times to failure, therefore, are not available.

At the end of eight months the ship returned and went into dry dock, so
the specimens had to be removed at that time.

Electrochemical Corrosion Monitor

The corrosion monitor probe is a galvanic couple made of several
plates of aluminum and steel. The principle of operation is based on the
dissimilar metals being wetted by condensed moisture of the atmosphere or
rain thereby creating an electrical current which can be measured. The
metal plates are sandwiched together alternately and separated by the elec-
trical insulator spacers. The parallel plates so bolted together were
short circuited by two electrical conductors (aluminum to aluminum and steel
to steel) and ending with two terminals, one for aluminum and the other for
steel. The whole array of these plates was then potted in epoxy leaving only
one long edge surface exposed. A photograph of this probe in shown in figure
3 (a). The unpotted surface was later surface ground and polished to a 600
grit finish. There were 10 plates of each metal, approximately 0.8 inch long
and 0.02 inch thick. The total exposed surface area for each metal (aluminum
or steel) was nearly equal in size, approximately 1 inch. The galvanic coupling
of the probe was done externally through a long shielded cable to a low re-
sistance potential monitoring system as shown in figure 3 (b). Here the po-
tentiostat serves as a zero resistance ammeter in which the voltage (V)
between the working (W) and the reference (R) terminals of the potentiostat
was set to zero and the reference (R) and the counter (C) terminals were
short circuited through a resistor (Rs). A high impedance strip chart re-
corder was connected across this resistor which directly measured the galvanic
current developed by the probe. The details of the operation and principles
of this technique are reported elsewhere. See reference (d).

The probe was installed near the exposure rack about 20 feet above the
flight deck on a radar tower. The current measuring instruments were located
in the radar room to isolate them from the flight deck environment. The
sensitivity of the recorder was set low so that at high relative humidity
(-80%), the output of the probe was reading approximately 5 microamps. Thus,
the full scale range setting on the recorder could measure up to 500 micro-
amps output of the probe. At the end of the mission the current-transients
recorded on the chart paper were analysed and condensed in order to evaluate
the results.
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Salt Spray Tests

Salt spray tests were conducted in 5 per cent NaCl/S0 2 and 5 per cent Syn-
thetic Sea Salt (SSS)/SD9 according to the procedure in reference (e) on the
2124 plates and the 7075~extrusions to compare type of attack with the carrier
samples. The angle of inclination was 450 from the vertical.

RESULTS AND DISCUSSION

Exfoliation Tests

Results of the exfoliation tests on the carrier are given in table IH.
The panels were evaluated using the ASTM G34 rating system. The appearance
of the panels is shown in figures 4 to 8.

In general the results showed the same trend as those obtained for the
same alloys and tempers in the ASTM/Aluminum Association interlaboratory
testing program in both natural environments and laboratory tests. (reference
(f)). Those tempers that exfoliated in the other environments also exfoli-
ated on the carrier. There were some anomalies however. For example, the
medium resistance 7075 extrusion had more exfoliation on the T/10 surface
than on the T/2. This same result was reported at the end of 5 months ex-
posure at Point Judith, Rhode Island but not in any of the laboratory tests
or after longer marine exposures. Also the medium resistance ; inch, 2124
specimen exfoliated on the T/10 plane but not the T/2.

In the ASTM/Aluminum Association interlaboratory program, the 1/2
and 2 inch thicknesses of 2124 plate were reported to exhibit similar
behavior in marine environments. The same result was evident in the
carrier tests.

Results of salt spray tests are given in table III. Appearance of the
panels is shown in figures 9 to 13. Comparison with figures 4 to 8 clearly
show a difference. The panels exposed on the carrier lack the general or
surface attack that occurred on the salt spray panels. On the carrier panels,
exfoliation attack initiated at the machined edges and essentially undermined
the surface. The distinct layering that occurred on the carrier samples did
not occur on the salt spray panels although exfoliation attack is present on
low and medium resistance tempers.

The same distinct layering seen on the carrier samples occurred also on
the low and medium resistance 2124 plate of both thicknesses when exposed to
the industrial atmosphere at the McCook plant of Reynolds Metals Co., Brook-
field, Illinois.

The surfaces of tha carrier samples were badly discolored. Deposits on
the specimens were analyzed by infrared spectroscopy and energy dispersive
spectrometry, and found to consist largely of MIL-L-23699 engine oil deposits.
Sulfur was also identified.

Inquiry to COMNAVAIRLANT elicited the information that the high winds
frequently encountered on the flight deck could transmit oil particles that
escape during engine oiling operations. The possibility that a thin film of
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such oil could inhibit surface attack was subsequently checked by NaCl/S02
spray test. No inhibition was apparent.

Exfoliation was also noted on the underside of the following carrier
specimens:

2124 - inch low and medium resistance
2124 - 2 inch low and medium resistance
7178 - low resistance

This behavior was also noted in the Point Judith marine exposures.

Stress Corrosion Tests

Times to failure are presented in table IV.

Results on the same alloy and tempers in two other natural environments
are shown in table V which is taken from reference (b). Reference (b) con-
tains the results on the entire interlaboratory testing program on the 2 inch,
7075 plate. Times to failure for the T651 and T7X51 tempers on the carrier
are analogous to those at Cape Canaveral.

Metallographic examination was made on one broken specimen from each
stress level. Findings were as follows:

T651 temper - 25 ksi - no secondary cracks
15 ksi - several secondary cracks
8 ksi - many secondary cracks

T7X51 temper - 45, 35, and 25 ksi - few secondary cracks

Figure 14 shows the appearance of the stress corrosion fixtures after
four months exposure before and after cleaning, demonstrating clearly the
dirt and discoloration from the carrier environment.

Corrosion Monitor - The tracings of the current transients recorded
over eight months of exposure were replotted to obtain a condensed form of
graph for better appreciation of the results. As shown in figure 15, the
plot of galvanic current, Ig, against exposure time in days exhibits
several periods of high corrosion activity (currents). In the first 40
days, the corrosion monitor showed less than 10 microamps. Between 50 and
120 days there appeared to be periods of wetness, but in the last 100 days
considerable corrosive activity is indicated with currents as high as 500
microamps. This correlates with reports from carrier personnel that the
weather in the first 4 months of deployment was generally mild, whereas
that of the last 4 months was characterized by storms and high seas.

Results obtained with the probe in the NaCl/S0 2 salt fog chamber help
to interpret the carrier records. The salt spray test involves constant
spray of 5 per cent NaCl with introduction of SO2 gas into the chamber for 1
hour in every 6. High current peaks were recorded only during the hours
when the SO2 was entering the chamber. The peaks then are indicative of ex-
tremely corrosive conditions in the environment. When an integrated analyses
of extremely high current periods was made, the results (as determined from
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figure 15) showed that approximately 27 days out of 250 the ship experienced
the most corrosive conditions with corrosion currents greater than 300 micro-
amps. This value is almost 100 times greater than the value obtained by the
corrosion monitors in only high humidity environment.

CONCLUSIONS

1. Results of the exfoliation and stress corrosion tests indicate that
the environment of a conventional aircraft carrier is highly corrosive.

2. Modification of the NaCl/S02 salt fog test is required to duplicate
the highly localized nature of exfoliation attack which occurred on the
susceptible alloys on the carrier and to minimize the general surface attack
characteristic of the salt fog test.

3. The corrosion monitor shows promise for quantitatively assessing
the corrosivity of any atmospheric environment.

FUTURE PLANS

A rack has been installed on the nuclear powered U.S.S. Nimitz. The
rack contains graphite epoxy composites, laser hardened coatings, and some
avionics components along with control specimens of the aluminum alloys used
in the tests described in this report. This new effort will provide an
opportunity to compare carrier environments with and without sulfur contain-
ing stack gases.

A rack is being prepared for installation on another carrier in the
Atlantic fleet and one in the Pacific fleet as well. This will permit an
assessment as to whether one theatre of operation is more severe than the
other from an environmental standpoint.

-9-
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TABLE I

ALUMINUM ALLOYS USED FOR EXFOLIATION TESTS

= Expected
= = Resistance

to
Alloy/Form Temper Exfoliation Identification Dimensions

2124 Plate T851 0.5 High 3" x 6"

T351 0.5 Intermediate 3" x 6"

T351+ 0.5 Low 3" x 6"

T851 2.0 High 665611 3" x 6"

T351 2.0 Intermediate " 3" x 6"

T351+ 2.0 Low " 3" x 6"

7075 0.5 High 5832 3" x 3"
Extrusion

Intermediate 5831 3" x 3"

Low 5830 3" x 3"

2024 High 5102-3 2" x 6"
Extrusion

7178 Plate T6 .091 Low 371774-1-2 3" x 6"

T6 + .091 Intermediate 371774-10-2 3" x 6"
10 hrs
at 325°F

T6 + .091 High 371774-11-2 3" x 6"
11 hrs
at 325°F
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TABLE IV

RESULTS OF STRESS CORROSION TESTS ON AIRCRAFT CARRIER

7075 Aluminum Alloy

Temper Stress Level Spec. No. Days to Failure

T651 25 1 Between 9 and 16
2 <9
3 <9

15 4 < 9
5 <9
6 <9

8 7 Between 9 and 16
8 Between 9 and 16
9 <9

T7X51 45 10 Between 26 and 35
11 Between 9 and 16
12 Between 9 and 16

35 13 Between 9 and 16
14 Between 9 and 16
15 Between 9 and 16

25 16 Between 16 and 26
17 Between 16 and 26
18 Between 16 and 26

T7351 43 19)
20) No failure in 8 months
21)

-14-
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Figure 2 -Rack Ins~talled on Radar Platform.
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Figure 3 (a) -Photograph of Monitor Showing Placement
of Aluminum and Steel Plates.
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Figure 3 (b) - Circuit Diagram
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